Two-dimensional materials (2DMs) are an important subject in material science that have many interesting physical properties and significant potential applications in various technological areas [1, 2] . Since the successful exfoliation of monoatomic graphene by Novoselov et al. [3] in 2004, a series of inorganic 2DMs, including transition-metal dichalcogenides (TMDs) [4], hexagonal boron nitride (h-BN) [5], metal nanomaterials [6], black phosphorus (BP) [7], and graphdiyne [8], have been obtained and investigated by fundamental studies in the fields of optoelectronics, catalysis, and energy storage [9 -14]. Organic 2DMs, such as organic small molecules, polymers, and organic-inorganic hybrid materials, are emerging material systems currently attracting increasing attention owing to their unique advantages of a wide diversity of organic substrates, easily tunable properties/ functionalities, and diversified syntheses at low cost and high efficiency [15] [16] [17] [18] [19] [20] [21] [22] [23] . Among the 2DMs, 2D conjugated polymers (2DCPs) with long-range periodic covalently bonded structures and fully-extended conjugations have received special attention from scientists working in different fields. The tunable bandgap and diversified topological structures by appropriate molecular design [24-28] endow 2DCPs, as a type of promising graphene analogue, with unique/tunable optoelectronic and spintronic properties, as well as promising applications in plastic optoelectronics and related functional devices/ circuits [29] [30] [31] [32] [33] [34] [35] .
, Huanli Dong 2* , Xiaotao Zhang 1 and Wenping Hu 1* Two-dimensional materials (2DMs) are an important subject in material science that have many interesting physical properties and significant potential applications in various technological areas [1, 2] . Since the successful exfoliation of monoatomic graphene by Novoselov et al. [3] in 2004, a series of inorganic 2DMs, including transition-metal dichalcogenides (TMDs) [4] , hexagonal boron nitride (h-BN) [5] , metal nanomaterials [6] , black phosphorus (BP) [7] , and graphdiyne [8] , have been obtained and investigated by fundamental studies in the fields of optoelectronics, catalysis, and energy storage [9] [10] [11] [12] [13] [14] . Organic 2DMs, such as organic small molecules, polymers, and organic-inorganic hybrid materials, are emerging material systems currently attracting increasing attention owing to their unique advantages of a wide diversity of organic substrates, easily tunable properties/ functionalities, and diversified syntheses at low cost and high efficiency [15] [16] [17] [18] [19] [20] [21] [22] [23] . Among the 2DMs, 2D conjugated polymers (2DCPs) with long-range periodic covalently bonded structures and fully-extended conjugations have received special attention from scientists working in different fields. The tunable bandgap and diversified topological structures by appropriate molecular design [24] [25] [26] [27] [28] endow 2DCPs, as a type of promising graphene analogue, with unique/tunable optoelectronic and spintronic properties, as well as promising applications in plastic optoelectronics and related functional devices/ circuits [29] [30] [31] [32] [33] [34] [35] . For the above mentioned fundamental studies and device applications, the most crucial issue of 2DCPs is their quality, which includes molecular orders, 2D-conjugated structures that determine the energy bandgaps/alignments and functionality of materials, and material sizes.
Thus far, the preparation of 2DCPs with the desired compositions, thicknesses, sizes, defects, crystal polymorphs, and surface properties is the core topic. Various synthetic processes based on both "top-down" and "bottom-up" strategies have been developed [2, 17] . On-surface chemistry synthesis, a very important "bottom-up" strategy, was developed to overcome the limitations of uncontrollable polymer thickness, low yield, and low structural integrity [17, 36, 37] . On-surface chemistry, sometimes referred to as 2D chemistry, is the coupling of active molecules on a flat interface to directly provide ordered and expanded nanostructures to polymers (Fig. 1a) . The interface provides a restricted system for the growth of precursors, which are capable of forming planar structures that cannot be accessed in a 3D reaction environment. Compared with classical solution-phase processes, another advantage of the surface method is the contribution of the related reaction conditions and potential surface interactions to the stabilization of highly active substances and intermediates. Moreover, on-surface chemistry synthesis is advantageous for directing the orientations of molecules to form ordered structures, and hence, it has been explored for the possibility of effectively controlling the morphologies and structures of 2DCPs. Therefore, an interfacial reaction has great potential in synthesizing substances that cannot be prepared by the traditional chemical method. At present, on-surface chemistry methods based on Ullmann coupling, Schiff-base condensation, Suzuki coupling, etc., to synthesize 2DCPs have been explored. For the preparation of 2DCPs, there are currently three kinds of interfaces: gassolid (mostly metal solid substrates with regular lattice structures), gas-liquid and liquid-liquid ( Fig. 1b-d ).
The gas-solid interface without a solvent is the best means of studying the reaction process and creating more ordered structures. To analyze products directly at the molecular level, reactions are usually conducted directly in an ultra-high vacuum within the cavity of a scanning tunneling microscope (STM). Inspired by the pioneering investigations of the Ullmann coupling reaction via an on-surface chemistry setup by Hla et al. [38] in 2000, Grill et al. [39] formulated a strategy for the synthesis of covalently bound molecular nanostructures on a gold surface by the thermal annealing of active porphyrin molecules. This work paves the way for "bottom-up" synthetic stable 2D nano-architectures with possible future applications in molecular electronics. They also developed a sequential growth strategy to improve the quality of 2DCPs and made the construction of heterogeneous architecture highly selective ( Fig. 2a) [40] by equipping a porphyrin building block with bromine and iodine side groups at orthogonal positions. Because of the different reactivities, the initial thermal activation of the iodine positions at low temperature resulted in a linear chain of porphyrin molecules and produced 2DCPs by the activation of the bromine positions through further heating. This strategy was able to maximize each molecule's adaptation to the optimal structure and avoidance of defect formations. Many other reactions have also been reported on gas-solid interfaces [41] . Although the metal interface synthesis strategy has made considerable progress, the fabrication of wafer-scale 2DCPs is still challenging, which is essential for basic research and device applications. The currently impressive and encouraging progress in the preparation of large-scale graphene, graphdiyne, and other 2D organic materials [42, 43] should stimulate research into large-area 2DCPs via appropriate experiment designs aiming at achieving high quality and efficient output at low cost.
In comparison with the gas-solid strategy, gas-liquid and liquid-liquid strategies are more robust because they do not require high-quality metal substrates with regular lattice structures, expensive equipment, or rigorous reaction conditions. Moreover, because of the fluidity of liquids, these strategies provide a flat and dynamic reaction environment favorable to efficient reactions and the preparation of large-scale 2D materials via facile modulation experimental conditions [44, 45] . In 2016, Dai et al. [46] synthesized 2D covalent organic monolayers by the dynamic imine chemical method at the gas-liquid interface (Langmuir-Blodgett method) (Fig. 2b) . Opening up new possibilities for the synthesis and structureproperty relationships of 2DCPs, this attempt was the first time that the use of this interface obtained a monolayer sheet (0.7 nm thickness) with lateral dimensions of tens of micrometers. Recently, Liu et al. [47] successfully synthesized a wafer-scale ultrathin 2D imine polymer film with controllable thickness from a simple benzene-1,3,5-tricarbaldehyde (BTA) and p-phenylenediamine (PDA) building block by using a Schiff-base polycondensation reaction at the air-water interface. Creating the potential for new applications, such 2D polymer films exhibited excellent switching performance with high reliability and reproducibility in memory devices because their intrinsically porous structures were conducive to the formation of conductive filaments during device operation. However, they have no proven crystallinity or highly ordered structures, which are crucial to the formation of efficient π-conjugation and high charge carrier transport in conjugated polymers [19, 48, 49] . In 2016, Sahabudeen et al. [50] disclosed the synthesis of crystalline 2DCPs based on porphyrin building blocks via Schiff-base condensation reactions at gas-liquid/liquid-liquid interfaces by reversible polycondensation (Fig. 2c ). Under optimized experimental conditions, the sizes of the obtained polymers could be scaled up to the wafer scale. Moreover, semiconducting property was confirmed for the monolayer 2D polymer, which had a charge carrier mobility of 1.3×10 −6 cm 2 V −1 s −1 in thin-film transistors without doping. More recently, Zhou et al. [51] further developed another simple and mild strategy to synthesize 2DCPs via Suzuki polymerization on a liquid-liquid interface. The products of the obtained porous graphene and porphyrincontaining polymers had large areas and were visible to the naked eye. For the porous graphene films, a carrier mobility of 3.2×10 −3 cm 2 V −1 s −1 was examined and the catalytic activity of the hydrogen evolution reaction was detected.
The aforementioned examples are pioneering studies in this emerging field of on-surface chemistry. Although the syntheses of some multilayer 2DCPs with controllable sizes and thicknesses at the atomic or molecular level have been realized by the interface synthesis strategy, many problems remain to be solved. The first problem is controlling the growth of 2DCPs to obtain high-quality products with definite crystalline phases, grain sizes, and grain boundaries. Also, the design of more convenient transfer methods is required because of the relatively low mechanical stability of 2DCPs. Finally, the applications of 2DCPs in optoelectronic devices are rare, while the resulting performances, such as charge and exciton transport, are still very low [29, 30, [50] [51] [52] , and, in fact, are far from the expected values, which are highly dependent on controlling the structures of the 2DCPs at the atomic and molecular levels. Thus, increased efforts and the search for efficient reactions occurring at the surface for highly ordered structures at molecular level and desired energy band structure by molecular design are required in this field. It is believed that more amazing results will be achieved in the future under the joint efforts of scientists from the fields of chemical sciences, material sciences, and device physics.
